Silver-cerium nanoparticles had been successfully synthesized using the sol-gel method by silver nitrate as a source of silver and cerium nitrate hexahydrate as a source of cerium. The synthesized silvercerium nanoparticles had been characterized by X-ray diffraction,transmission electron microscopy, and scanning electron microscopy-energy dispersive X-ray. Based on the results of XRD and TEM analysis showed silver-cerium nanoparticles were spherical with the dominant size range of 8.9-12.73 nm. SEM-EDX analysis showed silver nanoparticles covered by cerium nanoparticles that were known as the core-shell structure. Silver nanoparticles doped with cerium nanoparticles (CeONP) showed an increase in inhibitory with an increase a zone of inhibition after being doped with cerium nanoparticles. The disinfection effect of Ag-doped CeONP was more pronounced on Staphylococcus aureus than Escherichia coli, although the difference was not wide.
INTROdUCTION
Cerium oxide was a material that has been widely researched lately because it has the ability to store oxygen so that it was possible to function as an oxygen storage in chemical catalytic processes 1, 2 . Cerium oxide buffer function can occur because cerium has two oxidation numbers namely trivalent Ce 3+ and Ce 4+ tetravalent. Therefore, cerium oxide acts as an oxygen provider under an oxygendeprived environment. After the oxide surface gives oxygen, Ce 4+ was reduced to Ce 3+ because the extra electrons are left behind 3, 4 .
When the oxide surface lacks oxygen, Ce 3+ will tend to receive oxygen again. Cerium oxide nanoparticles have the ability to inactivate hydroxyl radicals of superoxide radicals, nitric oxide, and hydrogen peroxide 5, 6 . Another urgent problem of the health care system was the growing resistance that bacteria develop very quickly. Various methods were used to create organic antibacterial agents that can quickly kill bacteria. Among the antibacterial agents that are the current conversation was cerium oxide 7 . Cerium oxide had a fast evolution rate. Cerium oxide provides a different mechanism for killing bacteria or limiting bacterial cell growth 8 . Cerium oxide nanoparticles (CeONP) toxicity was associated with its properties as a reducing agent and killing bacteria by attacking membranes. Both mechanisms require direct contact with the cell wall and the spread of nanoparticles into bacteria so that it kills and weakens bacteria 7, 9 . So that the antibacterial properties of cerium oxide were better than doped with silver nanoparticles. In principle, the degradation of bacteria and viruses by silver ions was that silver particles will damage and penetrate the bacterial cell wall, then enter the bacterial thiol group and bind to sulfhydryl groups in bacteria so as to prevent the production of enzymes in bacteria. Furthermore, silver particles will inhibit DNA growth and eventually bacteria die 10 . When applied as an antibacterial, it shown that CeONP was fed with silver not only releases silver ions but also increases the oxygen vacuum on the oxide surface. Thus, silver dopants introduce the Ag disinfection effect, which has been reported to be effective against several bacteria 11, 12 .
In this reserach, we synthesized silvercerium doped particles with nanometer size with a cost-effective sol-gel method and produced good quality particles. The resulting nanoparticles were used to inhibit the growth of Escherichia coli and Staphylococcus aureus bacteria.
ExPERIMENTAL

Chemicals and reagents
C e r i u m ( I I I ) n i t ra t e h ex a hy d ra t e (Ce(NO 3 ) 3 .6H 2 O) used for a precursor of CeO 2 , acetic acid, ammonia solution, 2-propanol, silver nitrate, polyvinyl alcohol (PVA), glucose was purchase from Merck & Co. Synthesis of silver-cerium nanoparticles.
T h e s o u r c e o f t h e C e m e t a l wa s Ce(NO 3 ) 3 .6H 2 O (cerium nitrate hexahydrate). Synthesis of cerium oxide (ceria) was done by making two solutions. The first solution was made by cerium nitrate hexahydrate dissolved in a mixture of a solvent of water and isopropanol with a ratio of 1:6. The second solution was synthesized by silver nitrate dissolved in 100 mL of water while being distilled until silver nitrate dissolved and ammonium hydroxide was added. The silver ion solution that formed was put into a glucose solution in a ratio of 18. In the solution, PVA was added with a variation of 3% concentration. After that, it was heated at a temperature of 60 o C in an Erlenmeyer flask. During the heating process, the mixture is stirred using a magnetic stirrer until it is brown. The brown colloidal silver solution is put into the first solution a little bit and added ammonium hydroxide to a pH of 9 while in the stirrer. Then, it was refluxed for 30 min. after it was filtered and will get a yellow precipitate. It was washed with isopropanol then dried for 5 h at a temperature of 60°C so that yellow powder was obtained. It was calcined at 500 o C for 2 h and silver-cerium particles were obtained
Characterization
The powder X-ray diffractogram of synthesized and calcined samples was recorded on a Rigaku Miniflex diffractometer with Cu Kα radiation between 1. 
Antimicrobial activity
The activity test of silver nanoparticles and silver-cerium nanoparticles was carried out follow the AATCC 147-1998 and AATCC standards 100-1999. The type of bacteria used was Escherichia coli and Staphylococcus aureus. Qualitative or antimicrobial activity testing microbial inhibitory test carried out in a way make a series of dilution test compounds (silver colloidal nanoparticle solution and silver-cerium colloidal nanoparticle solution results synthesis) with a variation of concentration was 25, 50 and 100%. Control was carried out on reagent media test compound. The inhibitory test was carried out with wetting sterile paper discs with nano solution silver the main solution of the silver-cerium nanoparticles colloid produced by the mixture, then put on Petri dishes containing escherichia coli test bacteria and staphylococcus aureus was grown on Nutrient Agar (NA) and Mueller Hinton Agar (MHA) media. The inhibitory power of the test material was known by measuring the width of the zone of inhibition around the paper discs (in millimeters). Figure 1 shown the XRD pattern of nanomaterials produced. The appearance of similar XRD peaks has been observed in JCPDS no. 00-041-1402 data with a hexagonal crystal structure and crystal size ranging from 18.61-30.01 nm for silver nanoparticles. Cerium oxide nanomaterials adjusted to JCPDS data No. 01-073-6318 with a cubic crystal structure with a size of crystal 11.94-27.97 nm. After Ag nanoparticles were doped with cerium oxide a histogram curve was produced which consisted of Ag and Ce peaks. The crystal size of the silver-cerium nanoparticles produced was calculated using the Debye Scherrer equation with the wavelength value, 2θ and FWHM resulting from the XRD test 13 . From the calculation results obtained the size of crystals 8.9 -12.73 nm. The presence of Ag−O bonds at the interface between the nanoparticles and the supporting oxide (CeO 2 ) was also detected. The Ag−O interatomic distance decreases with decreasing nanoparticle size 14 . Based on the analysis, silver, cerium and silver-cerium particles with a small size of 100 nm were indeed produced with the nano-sized material. Based on Fig. 1C , it can be shown that several peaks coincide because they are in the same area in position of 2θ. The complexity of cerium oxide nanoparticles XRD spectrum is probably due to the presence of crystalline organic metallic complex like at 58, 56° 2θ Fig. 1 A. This smaller crystallite morphology plays important role in biological cerium oxide nanoparticles. They were spherical with uniform size and shape. The measurement results with XRD characterization by using the Debye Scherrer equation to calculate the crystal size. These results were confirmed and strengthened by calculating the particle size of the material produced using image J software image. The results of shown that size of silver cerium nanoparticles ranging from 8.8 to 12.93 nm. Kayama, et al., 16 and Sing, et al., 17 also reported produced silver-cerium nanoparticles 
RESULTS ANd dISCUSSION xRd analysis
TEM Analysis
The results of the TEM images of nanoparticles can be shown in Fig. 2 . Fig. 2A and 2B were TEM images of silver nanoparticles and 
SEM-Edx
SEM-EDX shown morphological analysis of the material produced. Fig. 3A was an Ag nanoparticle with a uniform particle size. Fig. 3B was a uniform size cerium oxide nanoparticle scattered throughout the surface. Fig. 3C was bimetallic of silver-cerium that was assumed Ag nanoparticles covered by cerium nanoparticles on the surface known as core-shell structured nanoparticles Fig. 3D . Hybrid metal nanoparticles with core-shell structures have advantages such as unique optical properties, high magnetic properties, high electronic properties, and good catalytic properties that However, if the synthesis process was not appropriate, the metal contained in the core cannot interact with the reactants because normally metal oxides found on the surface of the size are relatively large, thus blocking the reaction of the reactants with metals contained in the nucleus 19 . In this research we modified the solvent for the synthesis of the silvercerium nanoparticles to produce nano-sized cerium nanoparticles, allowing interaction between reactants and metals in the cell nucleus. Based on the results of XRD and TEM analysis, the silver-cerium particles produced have a particle size diameter of 8.9-12.73 nm. The metal in the core can affect the active metal oxides on the surface so as to increase the selectivity Based on the results of the SEM-EDX analysis in Fig. 4 , only about 1% of silver metal was present in samples of silver-cerium nanoparticles. This happens because the SEM-EDX analysis was essentially a surface inspection and analysis. The data or appearance obtained was from a surface or layer with a thickness of about 20 micrometers from the surface 21 . Based on Fig. 3D of cerium silver nanoparticles material in the form of core-shell structure where Ag nanoparticles were present in the core and cerium oxide nanoparticles are on the surface so that a large number of cerium oxides appear in the component composition of cerium silver nanoparticles.
Antibacterial activity of silver nanaoprticles and silver-cerium nanoparticles
Antimicrobial activity testing of silver nanoparticles and silver-cerium nanoparticles colloidal solutions in accordance with the standard method of AATCC147-1998 22 . This test is qualitative by measuring how wide the zones of inhibition the media were Escherichia coli and Staphylococcus aureus that occur after surface contact with paper discs moistened with silver nanoparticle colloid solutions and silver/cerium nanoparticles colloid with variations in concentration was 100, 50, and 25%. The size zone of inhibition showed the strength of the nanoparticles inhibitory against bacteria. The wider the zone of inhibition caused showed the stronger the inhibitory power of the compound to bacterial growth 24 . The width of the zone of inhibition formed using silver colloid solution and silver-cerium colloid solution. The resulting zone of inhibition was measured by a calipers run. The results of the measurement of the zone of inhibition Ag and Ag/Ce nanoparticles shown in Tables 1.
Antibacterial activity of silver nanoparticles and silver-cerium nanoparticles on the growth of Staphylococcus aureus bacteria shown in Fig. 5A and 5B. The antibacterial activity of silver nanoparticles and silver-cerium nanoparticles on the growth of Escherichia coli bacteria shown in Fig. 5C and 5D. The diameter of the zone of inhibition < 5 mm (weak), a zone of inhibition 5-10 mm (medium), a zone of inhibition 10-20 mm (strong) and very strong 20 mm more 25 . Based on Table 1 , it had shown the diameter of the zone of inhibition % Ag Colloid Ag solution when 100% in S. aureus bacteria 12.5 mm and E. coli 10.97 mm. The category of zone inhibition was strong. The disinfection effect of Ag-doped CeONP was more pronounced on S. aureus than Tabel : The zone of inhibition used Ag and Ag-Ce nanoparticles against bacterial growth [26 . Antibacterial inhibitory activity test against Gram-positive bacteria (Bacillus cereus) was stronger than Gram-negative bacteria (Escherichia coli) because of the structure of their respective cell walls. Pelczar and Michael (2017), the cell wall structure of Gram-negative bacteria is more complex than the cell wall structure of Gram-positive bacteria. Gram-negative bacteria have cell walls which consist of 3 layers, namely, the outer layer, the middle layer, and the inner layer. The function of the outer layer served as a bacterial barrier to the effects of various antibacterials and in the outer layer had membrane porins that function to prevent the entry of other molecules enter into bacteria 27 . Whereas Grampositive bacteria only have a single layer on the cell wall. Siswandono, 2016 added that the relatively complex Gram-negative bacterial cell wall structure would cause antibacterial compounds to be more difficult to enter cells and find targets for degradation 28 .
Silver nanoparticles doped with cerium nanoparticles showed an increase in inhibitory with an increase a zone of inhibition after being doped with cerium nanoparticles because the strong disinfection effect of Ag-doped CeONP was attributed to the synergetic combination of two mechanisms, namely, redox catalysis of surface oxygen vacancy 29 . . This defect chemistry in the surface of pre-activated CeO 2 -nanoparticles can provide the maximum antioxidant potential to them. So, Ce doped Ag can increase the antibacterial activity of nanoparticles 13, 30 . Based on Table 1 , it had shown the diameter of the zone of inhibition Ag-Ce Colloid solution when 100% in S. aureus bacteria 17.34 mm and E. coli 13.52 mm. The category of zone inhibition was strong. The disinfection effect of Ag-doped CeONP was more pronounced on S. aureus than E. coli, although the difference was not wide.
The zone of inhibition of Ag-Ce was slightly higher than that of nondoped Ce (Table 1 ) in E. coli and S. aureus. This finding not only justifies the synergetic effect but also supports the conjecture that Ag-doped Ce-nanoparticles produces more oxygen vacancies such that Ag-doped CeONP disinfects better than a simple combination of ceria particles and silver ions. The disinfection effects of Ag-doped CeONP are also superior to a simple combination of undoped CeONP and equivalent Ag + content 31 .
Synthesis nanoparticles using metal oxide reported in the kinds of literature shown in Table 2 and result of this research are found to be comparable to these report. Accordingly, nanoparticles silver doped cerium oxide can be used and potential for The aim of this research was to made agen antibacteri from silver nanoparticles and silver-cerium nanoparticles. XRD and TEM analysis showed silver-cerium nanoparticles were spherical with the dominant size range of 8.9-12.73 nm. SEM-EDX analysis showed silver nanoparticles covered by silver nanoparticles that were known as the core-shell structure. Silver nanoparticles doped with cerium nanoparticles showed an increase in inhibitory with an increase a zone of inhibition after being doped with cerium nanoparticles.
